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Chapter One: Introduction
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1.1 Purpose of Study
Lake Auburn, located in Auburn, Maine, is a reservoir that serves as a source of drinking
water for over 46,000 people (Lewiston and Auburn Water District, 2008). Lake Auburn is one
of the few drinking water sources in the state of Maine that has received a filtration waiver from
the EPA, allowing residents to pay cheaper prices for water (Lewiston and Auburn Water
District). The water in Lake Auburn does not need to be filtered before being sent out to the
public because it is of “exceptional” quality. This is in part due to the majority of the Lake
Auburn watershed being forested, which allows for the preponderance of pollutants and chemical
fertilizers to be filtered out naturally before reaching the lake. When water flows through a
watershed, it is able to transport various chemicals and fertilizers found in the underlying
surficial deposits. Notable erosion has occurred through areas with appreciable historical farming
and animal husbandry. The majority of the surficial landscape of the Lake Auburn watershed is
covered by glacially derived till, which is favorable for farming practices and agricultural use.
There are also deposits of Presumpscot clay, which contain similar mineralogies to some of the
samples tested (Figure 8). Wetland deposits to the north of Lake Auburn have further
complicated the lake system through iron (Fe) export, resulting in the release of phosphorous (P)
from the sediment in anoxic conditions (Doolittle, 2015).
In 2012 and 2013, multiple news outlets in Maine reported on fish die-offs due to algal
blooms in Lake Auburn. These algal blooms were due to the preponderance of phosphorous
found in the water (Bangor Daily News, 2013). A sediment core measuring 4.21 meters long was
taken from the deepest part of Lake Auburn with the intention of conducting bulk chemistry
analysis and a physical characterization of the retrieved samples. The “Deep Hole” core was
taken in the deepest measured area of the lake basin while carefully avoiding the steep slopes
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surrounding the deepest part of the lake. This was an attempt to avoid any areas that might have
been subject to underwater sediment slumping. By avoiding areas where slumping might occur,
the likelihood of producing an unadulterated core increased. During core extraction, the first 15
cm or so were lost due to outgassing.
This study provides a physical characterization of the sediment record found in the
deepest part of Lake Auburn. It is also an investigation into the sources of erosion and
sedimentation into the lake system, which could impact the levels of phosphorous present in
Lake Auburn. Originally, this study was undertaken to assess the geochemistry associated with
the sediment core retrieved from the one of the deepest parts of Lake Auburn. The ITRAX bulk
chemistry instrument, housed at UMass Amherst, has been offline since the beginning of
summer 2016. Thus, x-ray diffraction analysis was used to help identify some of the
mineralogical components of subsamples taken down the length of the core. Emphasis was
placed on the assembly of maps, using Geographic Information Systems (GIS) software, to better
understand land usage and characterize erosional sedimentation into Lake Auburn.
1.2 Area of Study
Lake Auburn is a dimictic lake with fall and spring overturns. Its ecological system
supports many species of flora and fauna. Lake Auburn is located on the border of the Auburn
East and West 7.5’ USGS topographical quadrangles in the southwestern portion of
Androscoggin County. The basin that Lake Auburn currently occupies was most likely scoured
by the advance and retreat of the ice sheet during the last glaciation (Retelle and Bither, 1989).
The lacustrine sediment record in Maine spans approximately 13,000 years and has recorded
natural and human-induced sedimentation changes since deglaciation. Almost two-thirds of the
water entering Lake Auburn flows through the watershed while the remaining third is delivered
7

through precipitation: 34% from surface-water rain, 31% from springs and groundwater, and
35% from tributary surface flow (LAWPC). Lake Auburn’s watershed incorporates at-least part
of five different townships.
Research by the USGS in 2000 set out to create a hydrologic study of Lake Auburn over
the three following years. The lake itself is completely confined within the town limits of Auburn
and has a mean surface area of 9.143 km2 (3.53 mi2), a mean depth of 12.2 m (40 ft), an
approximate maximum depth of 36.6 m (120 ft) and an approximate volume of 110 million m3
(3,920 million ft3). The lake has a mean hydraulic retention time of about 4.75 years. The East
Auburn Dam on the Bobbin Mill Brook is used to control the height of the water around the lake,
which is artificially kept a few meters above it’s natural height; the current dam is 4.9 m (16 ft)
high and contains a 27.4 m (90 ft) long concrete spillway (Dudley, 2003). The watershed
constraining input into Lake Auburn is about 39.63 km2 (15.31 mi2) and extends into or borders
the towns of Buckfield, Hebron, Minot and Turner. The Lake Auburn watershed is primarily
rural and forested, but some farmlands, hayfields, residential developments and gravel-mining
operations exist (Figures 13 and 14). Previous work on the water and sediment chemistry of Lake
Auburn has found that iron (Fe) isotopes dominate the surficial sediment chemistry, as opposed
to aluminum (Al) isotopes (Doolittle, 2015).
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Chapter Two: Background and Literature Review
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2.1 Physiography and Glaciology
In order to understand Lake Auburn in its current state, it is important to have an
understanding of the geological past of the region. The Laurentide Ice Sheet (LIS) formed during
the Quaternary period and spanned from about 1.5 million years ago (mya) to as recent as 10,000
years ago (Dudley, 2003). The formation of the LIS about 1.5 mya roughly marks the beginning
of the Pleistocene Epoch. The LIS measured roughly 13,000,000 km2 and covered a majority of
the North American continent (Denton and Hughes, 1981). Multiple studies have worked to
pinpoint the ice-margin retreat of the LIS through time (Stone and Borns 1986; Belknap et al.
1987). Deglaciation was interrupted numerous times by systematic glacial readvance and retreat,
documented by the presence of coastal ice-marginal deposits in southern Maine (Retelle and
Weddle, 2001). Ice-marginal retreat through southern and coastal Maine was subject to glacial
readvance and standstills (Borns et al., 2004). The timing of ice-marginal retreat through central
and northern Maine has been difficult to pinpoint due to the sporadic coverage of 14C dating
samples, which are affected by an unknown marine reservoir effect inland from coastal Maine
(Borns et al., 2004; Bromley et al., 2015). The interbedding of glaciomarine sediments with icemarginal deposits in coastal and southern Maine suggests that the deglaciation rate occurred
faster than the rate of isostatic rebound, leading to a temporary submergence of the coastal
lowlands (Retelle and Bither, 1989). This submergence allowed for an influx of glaciomarine
sediment deposition in areas that were inundated before isostatic rebound of the earth’s crust.
Analysis of Portlandia arctica bivalve shells, recovered from an ice-contact glaciomarine
fan-delta, showed that the ice-margin had retreated to the north of Lewiston by 12,980 +/- 85 14C
years before present (BP) (Retelle and Weddle, 2001). The shells were found in a section of
marine clay that overlaid a distinct layer of ice-contact gravel. This delineated a shift in
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sedimentation from ice-marginal deposition to distal deposition (Retelle and Weddle, 2001).
These data suggest that all sedimentation that occurred within Lake Auburn after 12,980 +/- 85
14

C BP can be traced to terrestrial sources while any sedimentation occurring before that would

most likely have been interbedded with glaciomarine sediments.
2.2 Bedrock Geology
Robert G. Marvinney compiled the most recent Maine state bedrock geological map for
the Maine Geological Survey in 2002. A general understanding of the theory of plate tectonics is
useful in understanding Maine’s extensive geological history. Maine’s bedrock has recorded over
500 million years of tectonic and geological history (Osberg et al., 1985). Volcanic activity and
metamorphosed sedimentary deposits from the Early to Late Cambrian period (490-543 Ma) are
exposed in north-central and northern Maine (Marvinney, 2002). During the Devonian period
(354-417 Ma) sediment deposition in North America was followed by the Acadian orogeny and
the creation of the Northern Appalachian Mountains (Marvinney, 2002). Concurrent with this
mountain-building event, sediment deposited in the Early Devonian period was buried and
metamorphosed, leading to an increase in igneous activity (Marvinney, 2002). The Sebago
granite plutons intruded during the Carboniferous period (290-354 Ma). This marked the last
regional deformation and metamorphism in Maine (Marvinney, 2002). The North American
continent shifted north of the Equator during the Permian period (248-290 Ma), which led to
increased volcanic activity and the intrusion of basalt dikes during the Mesozoic Era (66-248
Ma). The landscape of present-day Maine was eroded and shaped by glacial ice during the
Cenozoic Era (66 Ma to present). The erosional forces of glacial ice transported bedrock-derived
sediment from northern Canada into the Lake Auburn basin. I will further describe the local
bedrock outcroppings within the Lake Auburn watershed that could contribute to modern
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sediment input into the lake basin. Note that it is unlikely that much bedrock is responsible for
contemporary sedimentation due to the overwhelming cover of surficial geology within the
watershed. Meanwhile, there are some outcrops at levels of higher elevation that have the
potential to be weathered in a contemporary setting. This might include the Silurian Sangerville
Formation, Sulfidic Pelite Member; outcroppings of which occur at ridges that are still
potentially exposed.
2.2.1 Silurian Sangerville Formation
The Sangerville Formation (unit Ss) is a metamorphosed sedimentary deposit from the
Silurian period, mapped principally as a sandstone and shale facies (Moench et al., 1995). The
Sangerville formation is divided into multiple members and lenses. The formation is generally
composed of thinly to thickly-settled lithic metasandstone (ranging from 5 cm to 1 cm) and gray
to greenish-gray massive or laminated slate or schist (Moench et al., 1995). Metasandstone beds
within the Sangerville formation are poorly to moderately sorted and contain a wide variety of
lithic components bound by a calcareous or clay matrix (Moench et al., 1995).
2.2.2 Silurian Sangerville Patch Mountain Limestone Member
The Patch Mountain Limestone Member (unit Sspm) is a metamorphosed subdivision of
the Sangerville Formation from the Silurian period. In Buckfield, ME, a highly metamorphosed
grade of the Patch Mountain Member is composed of thinly interbedded marble, coarse calciumsilicate rocks, biotite-quartzite-plagioclase metamorphic rocks and minor clay-rich schist
(Moench et al., 1995). The Patch Mountain Member found slightly to the east of Buckfield, ME,
has a lower metamorphic grade and is composed of thinly interbedded micritic metalimestone
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(metamorphosed calcareous limestone), limy metasandstone, metasiltstone and slate; all of which
contain features that are common in turbidites (Moench et al., 1995).
2.2.3 Silurian Sangerville Formation Sulfidic Pelite Member
The Sulfidic Pelite Member of the Sangerville Formation has been revised to include the
Waterville Formation (unit Sw) and Anasagunticook Member (unit Ssa). This revision has been
made due to similarities noted between the mineralogical components of the Waterville
Formation, Anasagunticook Member and the Sangerville Formation (Osberg, 1988). In the
Lewiston quadrangle, the outcrop is composed of thinly bedded greenish-gray slate or clay-rich
schist, small amounts of wacke (clay-rich sandstone) and sparse calcium-silicate rocks (Moench
et al., 1995). While similar to the aforementioned Patch Mountain Member, the sulfidic pelite
member is found at a higher topographic elevation and contains magmatic pelitic gneiss. The
sulfidic pelite member also has feldspar-containing biotite and hornblende-biotite granofels
(Osberg, 1988).
2.2.4 Devonian Granite (Two-Mica Granite)
The two-mica granite group (unit Dl) is comprised of several named and unnamed
plutonic bodies that are associated with the Devonian New Hampshire Plutonic Suite (Moench et
al., 1995). The plutonic suite is commonly divided into five different assemblages classified by
unique mineralogies. The two-mica granite is associated with Assemblage II and is a felsic rock
characterized by a low degree of metamorphosis. It contains peraluminous (rich in aluminum
oxide) rocks and common accessory minerals include garnet and tourmaline (Moench et al.,
1995). The two-mica granitic pluton found below and just to the north of Lake Auburn is light
gray and massive with fine-to-medium grains. It is composed of quartz, microcline, sodic (NaCl)
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plagioclase, muscovite and biotite; common inclusions other than garnet and tourmaline are
apatite and zircon (Moench et al., 1995).
2.3 Surficial Geology
Surficial geology maps are used to show the location of unconsolidated materials such as
till, sand, gravel, and clays that overlie the bedrock features of a specific region. The mapping of
the surficial geology surrounding Lake Auburn has been split between two USGS quadrangles:
the Lake Auburn East 7.5-minute quadrangle and the Lake Auburn West 7.5-minute quadrangle.
The Lake Auburn West 7.5-minute quadrangle, mapped by Woodrow B. Thompson (2001),
pinpoints multiple ice-margin positions based on the inference of depositional features and
meltwater channels. By understanding the surficial geology of the Lake Auburn watershed we
can determine the types of modern sediment being transported into the lake. The surficial
geology is dominated by till deposits but there are also glaciomarine deposits that contain
Presumpscot clay. Wetland deposits to the north are known repositories for Al and Fe bearing
minerals (Reddy et al., 2005). Wetland areas, especially those along streams and rivers, have
high capacities for phosphorous adsorption due to the aluminum (Al) and iron (Fe) minerals
deposited within the clays (Gambrell, 1994).
2.3.1 Till
The majority of the surficial sediment found in the Lake Auburn East and West
quadrangles is classified as till (unit Pt). Till is a poorly sorted sediment that may contain any
number of rock and mineral particle sizes. Multiple types of till may be formed depending on
where they are deposited in relation to the ice sheet. Till deposit structure and texture varies
based upon their source material and how they are formed (Thomspon, 2001). Lodgment, or
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basal till is deposited beneath the ice sheet and may be subjected to very high pressures. Ablation
till is deposited at the edge of a melting glacier and incorporates sediments of larger
classification sizes, such as stones. It is noted that the glacial erosion of coarse-grained bedrock
from the Sangerville Formation favored the development of a sandy till with many stone-sized
particles, some of which have been found to have oxidized to a rusty color (Thomspon, 2001).
The till found in the Lake Auburn West quadrangle could include a small percentage of clay, but
is dominated by a sandy or silty-sandy matrix, due to its erosion from coarse-grained bedrock
(Thompson, 2001). Field evidence in southern Maine and New England has shown that there
exist two deposits of glacially derived till in the area (Koteff and Pessl, 1985), an “upper” and a
“lower” till. The “upper” till is a depositional feature from the retreat of the last ice sheet during
the Wisconsinan glaciation, which retreated north of Lewiston, Maine 12,980 +/- 85 14C years
BP. The “lower” till is composed of compact, silty-sandy lodgement deposits (Thompson 2001)
and was most likely deposited during the Illinoian glaciation, earlier than 130,000 years ago
(Weddle et al., 1989). No definitive exposures of the “lower” till were found within the vicinity
of Lake Auburn (Thompson, 2001).
2.3.2 Glaciomoraine Deposits: Presumpscot Formation
The Presumpscot formation (unit Pp), a fine-grained clay-silt deposit, was deposited
during the marine submergence of coastal Maine directly following deglaciation (Bloom, 1963).
Previous work has shown that the Presumpscot formation typically consists of sediments with
grain-sizes close to 39 percent clay, 37.5 percent silt, and 23.5 percent sand (Goldthwait, 1951).
The Presumpscot is well stratified with sediments that range in color from gray to bluish-gray or
brownish-gray depending on the degree of oxidation (Thompson, 2001). The mineralogical
composition of the Presumpscot formation has been found to contain a suite of minerals common
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throughout northern New England soils: quartz, feldspar, mica, chlorite and small amounts of
kaolinite (Mayer, 1990). Sand may be locally interbedded within fine-grained sediments
indicating periods of high-energy sedimentation possibly at the glacier margin or in shallow
water environments (Thompson, 2001). Research has shown that glaciomarine sediments were
deposited across the whole floor of Lake Auburn and overlain by postglacial lacustrine deposits
(Northrop, 1995). This suggests that there was no remnant of an ice-mass in the lake basin and
that the sea likely flooded the entire lake-basin during ice-marginal retreat (Thompson, 2001).
Wave-cut platforms of Presumpscot formation were noted along the shores of Lake Auburn,
above the air-water line. It is possible that wave-cut platforms exist below the air-water line due
to fluctuation in lake-level over time, but no studies have been conducted to test this hypothesis.
2.3.3 Glaciomarine Fan Deposits
There are two occurrences of glaciomarine fan deposits (unit Pmf) in the Lake Auburn
West quadrangle. These are small deposits of sand and gravel-sized sediments located just west
of The Basin, adjacent to the northwestern shore of the lake (Thompson, 2001). These deposits
are mapped submarine fans that are hypothesized to have formed when glacial meltwater streams
deposited sand and gravel into the ocean, within the time frame of 11 to 13 kya BP (Thompson,
2001).
2.3.4 Glaciolacustrine Delta Deposits: Wetlands
This deposit (unit Pld) is a delta composed of sand and gravel found on the north side of
the Bicknell Brook valley (Thomspon, 2001). The wetland area exists on the northeastern shore
of Lake Auburn and shows evidence for erosional channels. The elevation is higher than the
marine limit which presumes that the sediment was deposited by a glacial lake dammed by
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remaining ice during the ice-marginal retreat; meltwater channels on the hillside indicate
southward glacial flow (Thomspon, 2001). Wetland deposits have only been present for the past
~100 years and its creation is attributed to dam emplacement (Doolittle, 2015).
2.3.5 Modern Beach Deposits
Deposits of sand and gravel with some inclusions of finer-grained sediments (unit Hls)
may be found along the shores of Lake Auburn. They were derived from erosion of glacially
deposited sediments and transported through aeolian deposition along the shore (Thompson,
2001).
2.3.6 Stream Alluvium
Modern streams and brooks deposit alluvial sand, silt, clay and organic matter (unit Ha).
These deposits primarily occur at the confluences of the Bog Brook, Bicknell Brook and
Nezinscot River and Lake Auburn (Thomspon, 2001).
2.4 Lake-Water Chemistry in Maine
Lake Auburn is fed by streams, groundwater and precipitation and drains through the
Bobbin Mill Brook, thus it may be classified as a drainage lake. Since stream input and
precipitation are the two largest sources of water entering Lake Auburn (LAWPC), it is essential
to understand the effects of other environmental aspects of the watershed and the impacts they
could have on water and sediment quality. These other environmental aspects include the
prevalence of farming and pesticide use within the watershed. Lakes for which precipitation is a
large water source are also subject to acidification through acid rain. Acid rain is not thought of
as a direct contributor in fish die-offs in this area due to advances made in curbing factory
pollution in Maine (Lawrence, 2002). High nutrient levels and rapid water exchange are
17

characteristic of a lake that is primarily fed by streams (Norton et al., 1989). The water quality of
lakes fed primarily by drainage through the watershed is highly variable due to both the amount
of runoff and human activity in the watershed (Shaw et al., 2004). While the water quality in a
lake certainly affects its ability to support fish, both mixing and stratification are also necessary
for the healthy reproduction of fish species (Shaw et al., 2004). There are multiple other controls
on lake chemistry, including: soil chemistry, vegetation throughout the watershed, regional
hydrology and anthropogenic watershed activities such as agriculture and other land uses
(Norton et al., 1989).
Lake Auburn is a dimictic lake that is subject to two overturns of the water column each
year: one in the fall and one in the spring. Lake Auburn fits most squarely within the description
of a mesotrophic lake, defined by increased production and accumulation of organic matter. This
is relative to lakes that are either eutrophic lakes (too many nutrients that animal life becomes
unsupported) or oligotrophic lakes (sparse abundance of animal and plant supporting nutrients).
Mesotrophic lakes are also characterized by occasional algal blooms, but are known to be good
fisheries (Shaw et al., 2004). Various methods are used to identify the trophic state of lakes, such
as: total phosphorous concentration, chlorophyll a concentration, and Secchi readings. Bedrock
lithology has been found to be the most important controlling variable for determining lake water
chemistry in Maine (Norton et al., 1989). Knowing this, some of the bedrock geology within the
Lake Auburn watershed described above could have had an influence on the water chemistry of
Lake Auburn in the past, but is most likely not a major present-day factor. Many of the slate,
schist and biotite-containing formations, such as the Sangerville formation and its accompanying
members, contain iron that could have been weathered and deposited in the lake system. Since
this study focuses more on the sediment chemistry of the lake system rather than the water
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chemistry, more attention will be given to the analysis of the deposition of surficial sediments to
the lake.
2.4.1 Phosphorous
Nutrient ions such as phosphorous (P) enhance lake algal blooms and algal detritus
accumulates as organic matter in the sediment profile (Engstrom and Wright, 1984). There is a
close link between phosphorous concentration and primary productivity; hence multiple attempts
have been made to reconstruct productivity levels of lakes through paleolimnology (Engstrom
and Wright, 1984). Phosphorous originates from many different sources, but most are directly
linked to activities that include human and animal wastes, forestry practices, agricultural runoff
and soil erosion (Engstrom and Wright, 1984; Norton et al., 1989). When studied in lake waters,
analysis includes both soluble reactive phosphorous (P that has dissolved in the water and is
available for plant use) and total phosphorous (a sum of dissolved, organic and inorganic P)
(Engstrom and Wright, 1984). Mesotrophic lakes, such as Lake Auburn, typically lack oxygen in
bottom waters during the late summer, often resulting in phosphorous cycling from sediments
(Shaw et al., 2004). Past sedimentation research has shown that a combination of upstream lakes
removing Al and Fe from water feeding Lake Auburn and the location of adjacent wetlands,
which transport seasonal Fe, has resulted in a lake environment that is prone to releasing
phosphorous during anoxic conditions (Doolittle, 2015).
There are three categories of classification for phosphorous within sediments.
Phosphorous may be a constituent of mineral phases such as apatite or vivianite, a sorbed
component of amorphous inorganic phases (such as fertilizers), or bound to organic compounds
(Engstrom and Wright, 1984). The mobilization of P in watersheds has been strongly linked to
the mobilization of aluminum (Al) and iron (Fe), suggesting that phosphate is adsorbed to these
19

metals (Norton et al. 2006). Because phosphorous is not easily dissolved in water it often forms
insoluble particles with calcium, iron and aluminum (Shaw et al., 2004). Lakes that are located in
crop-growing areas typically see influxes of phosphorus during periods of storm runoff, when the
phosphorus is sorbed to soil particles (Kalff, 2002). Lakes with low iron are more vulnerable to
phosphorous loading due to natural or human-induced activities because the phosphorous
remains dissolved in the water and is not pulled into the sediment column (Shaw et al., 2004).
There is also evidence that the release of phosphorous is linked to certain degrees of bioturbation
and turbulence created either by wind or gas bubbles (Kalff, 2002). Due to the relatively high
level of outgassing witnessed during the retrieval of the sediment core from Lake Auburn, it is
possible that gas bubbles could influence the total abundance of phosphorous within Lake
Auburn. Furthermore, the turbulence that enhances the transport of dissolved phosphorous from
anoxic depths to surface waters is able to bypass the diffusion barrier imposed upon phosphorous
by ferric oxyhydroxide complexes at the oxic sediment surface (Kalff, 2002). This could show
that no matter the influx of iron to the lake system from bedrock weathering, phosphorous could
become detached from the sediment of which it is sorbed to due to outgassing from the lakebed.
It is impossible to be certain that outgassing of sediment is a factor due to losing the top 15 cm of
the core after surfacing.
The Classical Model of Phosphorous Cycling describes how the phosphorous that enters
lakes is removed from the water column by being sorbed to iron hydroxides (FeOOH) (Kalff,
2002). Furthermore, phosphorous that is bound up in iron aggregates not only traps phosphorous
in the sediment column but also prevents the phosphorous from diffusing upward from the
anoxic sediment at the bottom of lake profiles (Kalff, 2002). Internal loading of phosphorous
occurs when anoxic environments rise towards the lake surface with increasing eutrophication or
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pollution; this allows for the complete dissolution of iron hydroxides while phosphorous and iron
are diffused into the water column. Further studies made upon the Classical Model showed that
phosphorus could be released into the water column following the microbial reduction of sulfates
within anoxic sediments (Kalff, 2002). The Modern Model of Phosphorous Cycling moves away
from the idea that phosphorous release from sediment is due to chemical processes and is due
more to biological decomposition mechanisms involving microbes. Biological decomposition is
important to lake chemistry because anywhere between 10 and 75 percent of soluble sediment
phosphorous is not sorbed to iron hydroxides but stored within the cells of microbes (Kalff,
2002). Some mechanisms for biological aerobic phosphorous release and increase in the internal
loading of phosphorous in lake environments include an increase in pH due to high rates of
primary productivity, release of phosphorous due to microbial respiration and decay, abundance
of benthic macroinvertebrates and bioturbation, as well as the aforementioned existence of gas
bubbles and associated turbulence (Kalff, 2002). No evidence of bioturbation or the existence of
macroinvertebrates was found within the core taken from Lake Auburn, thus it is possible to rule
out any association of invertebrate activity to the increase in phosphorus in Lake Auburn. One
cannot rule out the possibility that an increase in lake water pH or the preponderance of
microbial respiration and decay contributed to increases in phosphorus levels.
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3.1 Field Methods
Field research on Lake Auburn began in early June of 2016. A previously warm winter
with low ice-accumulation on Lake Auburn pushed the coring date from the early spring of 2016
to early summer of 2016. The collection of the core occurred on June 2, 2016 but laboratory
analysis continued through the summer and into the early fall of 2016. A pontoon boat belonging
to the Lake Auburn Watershed Protection Commission was used as the main transport vehicle, as
well as two inflatable zodiacs that were used to help anchor the canoe-pontoon loaded with the
coring instrument. The “Deep Hole” core was taken at a GPS position of 44.13690 N, -70.25155
W.
3.1.1 Sediment Core Collection
An attempt to retrieve two long cores was made on June 2, 2016. The first attempt at
retrieving a long core was successful in 36.4 meters of water. The second attempt, made later in
the day after the wind had picked up, entered the lake-bottom profile at an angle; this returned
only a partial stratigraphy and was not useful to the study. A Secchi disk was lowered to the
bottom of the lake to measure out the length of cable needed to reach the bottom. Since the
impact of the Secchi disk with the lake-water interface disturbed the sediment at this location,
careful care was taken to not take the core at this precise location.
The sampling site depth was determined using a fish-finder on the larger pontoon boat.
The coring tripod was then installed onto the pontoon created by attaching the two canoes
(Appendix B). Following the installation of the coring tripod and crank, the makeshift pontoon
was anchored in place using three buoys. Hand-held depth finders were used to pinpoint the
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exact depth at which the core was taken. GPS positions were taken using hand-held GPS devices
to determine the precise location of core sampling and retrieval.
The core was retrieved using the percussion coring method. The aluminum casing for the
core was lowered down to the sediment-water interface while a piston within the pipe remained
at the sediment-water interface throughout the coring process. The end of the core barrel was
sharpened with a file so that it could penetrate the sediment more readily. A weight, or hammer,
was dropped down on top of the aluminum core casing to drive the casing into the sediment. The
hammer was driven until the point of refusal. The core was then cranked back through the water
column and capped on the canoe structure. The core was then loaded onto the pontoon support
boat where a hole was drilled to relieve the pressure that had built up. Due to a high incidence of
outgassing, the gyttja sprayed out upon relieving the pressure. The core was then wrapped with
towels and tape to limit the amount of sediment loss during transfer back to the laboratory at
Bates College. Subsequently, about 15 cm of sediment from the top of the core (including the
gyttja and sediment-water interface) was lost during the transfer.
3.2 Laboratory Methods: Sediment Core Analysis
All laboratory analyses took place on the Bates College campus during the summer and
fall of 2016. The core was taken to the Environmental Geochemistry Laboratory located in
Carnegie Science Hall at Bates College. The core was split using a handheld machine used to
split aluminum pipes. One half of the core was subsampled for ITRAX bulk chemistry work and
the other half was subsampled for all of the other analytical work. The core was then stored for
further analysis in the cold room at Bates College, in the Sedimentology Laboratory in Carnegie
Science Hall.
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3.2.1 Core Logging
The first step in processing the sediment core was a physical description of the core itself.
This was a visual analysis of the core used to record sediment color, sediment type, potential
mineralogical units, and any physical anomalies. As mentioned, the top 15 +/- cm of gyttja was
lost during the retrieval and splitting of the core. The Munsell Soil Chart was used to determine
the color of the units encountered within the core (Munsell Soil). The soil color for the majority
of the core was classified as 7.5 YR 5/1 (gray). The only color abnormality down the length of
the core was a red band of oxidized sediment at 341.5 cm, classified as 7.5YR 4/6 (strong
brown). This sediment layer also had a sandier matrix, while the rest of the core had a
predominately fine-grained matrix. There were no measurable macrofossils found down the
length of the core. One half of the core was designated as a working half and the other was
archived in the cold storage room at Bates College for internal records.
3.2.2 Bulk Density and Loss on Ignition
After the visual interpretation of the core, sub-samples were taken to determine the bulk
density and loss-on-ignition (LOI) down the core. This included determining the total wet
density, dry density and water content of the samples. The core was sampled at every 1 cm
depth-interval for the first 11 cm. The core was then sampled at depth intervals of 1 cm between
15 and 21 cm. Starting at 20 cm and ending at 41 cm, the core was sampled at an interval of
every 5 cm. From 40 cm to 101 cm, the core was sampled at intervals of every 10 cm. From 100
cm to 421 cm, the core was sampled at intervals of every 25 cm. One sample was taken at the
depth interval of 341-342 cm due to its characteristically different coloring. Quantitatively large
samples were taken for the LOI and bulk density sub-sampling; roughly two cm3 of sediment
were placed in each crucible. The sample crucibles were pre-weighed using a Mettler balance
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and the wet weight of the sediment was recorded. The samples were placed in a drying oven
overnight at 90°C. The dried samples were then cooled and weighed to determine the difference
between the densities of the wet and dry sediment. To determine the amount of organic material
present in the sample, the crucibles are placed in a furnace. The programmable furnace was set to
warm to 225°C within the first hour and reach 550°C within two hours. The samples then spent
three hours cooking at 550°C. After the samples were heated, the ashed samples were weighed
using a Mettler-Toledo balance. Calculations were then completed using the crucible weight, dry
weight, wet weight and ash weight of the samples. Calculations were as follows:
A = Crucible Weight
B = Wet Sample Weight
C = Dry Sample Weight
D = Ash Sample Weight
V = Volume of Sample

Wet Density =
Dry Density =

!!!
!
!!!
!

Dry Weight = 𝐶 − 𝐴
Water Content =

!!! ! !!!
!!!

Loss on Ignition (LOI) =

!!! ! !!!
!!!
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× 100%

3.2.3 Grain Size Analysis
The Beckman-Coulter LS 230TM Laser Diffraction Particle Sizer was used to determine
the grain size in each subsample. Grain size throughout the core profile was determined in order
to assess the percent fractions of sand, silt and clay that were present in each sampling interval.
The sampling regime was similar to the regime utilized for determining bulk density and LOI
(section 3.2.2). Organic matter was dissolved using 30% hydrogen peroxide (H2O2). Fully
washed samples were then loaded into the Beckman-Coulter instrument and sonicated to
determine the proportionality of differing grain-sizes within each subsample.
3.2.4 X-Ray Diffraction
X-Ray Diffraction (XRD) may be used to determine the chemical and molecular structure
of minerals. Studies were carried out using the Rigaku MiniFlex Benchtop X-Ray Diffractor.
Typically, the sample that is run through the XRD is both known and monomineralic, so that a
graph of peak intensity relative to scanning angle and x-ray diffraction may be generated. Since
clay minerals may occur at lower angles than most other minerals, the range of the XRD was set
to between 5 and 60 degrees. First, the samples were subject to the same removal of organic
matter referenced in the methodology of grain size analysis (section 3.2.3). The samples were
placed in glass vials and in a drying oven for 48 hours at 60°C. The samples were then placed in
a desiccator until the sample mounts were ready to be prepared. Samples had to be crushed using
an agate mortar and pestle so that the instrument would detect no large grains. Typically, this is
done in a rock-crushing instrument, but the grain sizes of the samples were particularly small to
begin with and grinding could be accomplished manually. The samples were ground into a fine
powder and then placed back into the desiccator to limit humidity and grain clumping. The
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samples were mounted onto metal disks that could be inserted into the instrument. The resulting
diffractograms created by the XRD were analyzed using the software program, Jade 9.
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Chapter Four: Results
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4.1 Bulk Density and Loss-on-Ignition
Water content and loss-on-ignition measurements were taken at sample intervals down
the length of the core. Water content was highest at the top of the core and decreased with depth
(Figure 1). Loss-on-ignition results are expressed as a percentage of organic matter by depth in
centimeters. There is a relatively high level of organic matter deposition in the top 2 m of the
core in relation to the bottom 2 m (Figure 2; Appendix Figure 1A). Results from loss-on-ignition
of the top 10.5 cm of the core show an increasing trend in the general abundance of organic
matter going back in time (Figure 3).
4.2 Grain Size Analysis
The proportions of sand, silt and clay-sized grains within each subsample show changes
to Lake Auburn’s depositional environment in the past (Figure 4). The particles within each
sample were divided into their precise Wentworth size classification and expressed as a
percentage of the total sample related to depth (Figure 5). The increase in deposition of claysized grains to the sediment record in the sample measured at 100.5 cm is also expressed in
Figure 5. A ternary diagram was created to visually express the compositional abundance of
sand, silt and clay-sized grains within each subsample (Figure 6). Almost no samples contain
more than 15% sand-sized grains while each sample contains at least 60% silt-sized grains and
25% clay-sized grains.
4.3 X-Ray Diffraction
A select group of samples were analyzed using x-ray diffraction to better understand the
general molecular composition down the sediment core. During instructional use, the x-ray
diffraction instrument (XRD) is used to analyze the molecular structure of monomineralic
samples; the samples retrieved from Lake Auburn contain many different minerals and were
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difficult to evaluate with absolute certainty. The diffractograms generated for each of the six
samples show little variation in both peak height and angle occurrence (Appendix Figures 2A6A). The search-match displays generated using the Jade 9 software resulted in small variations
in the proposed mineralogical components (Appendix Figures 7A-11A). The raw data
diffractogram and search-match display graph shown in the results section are for the sample
taken at 30.5 cm (Figures 7 and 8, respectively). The most discernable peak is indicative of the
silicate mineral quartz (SiO2). The low-intensity, low-angle peaks are indicative of two clay
minerals: clinochlore ((Mg5Al)(AlSi3)O10(OH)8), the magnesium end-member of the chlorite
group, and kaolinite (Al2Si2O5(OH)4). The peak matching graph is also indicative of two
plagioclase feldspar endmembers, albite (Na(AlSi3O8)) and anorthite (Ca(Al2Si2O8)). The
structure for the clay mineral illite ((K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)]) was matched
in the sample taken at 90.5 cm. (Appendix Figure 8A). Chamosite ((Fe5Al)(AlSi3)O10(OH)8), the
iron endmember of the chlorite group, was matched in the sample taken at 180.5 cm. (Appendix
Figure 11A).
4.4 Watershed Mapping and Land-Use Quantification with Geographic Information
Systems (GIS)
Topographical characteristics of the Lake Auburn watershed were further explored by
creating a range of maps with the Geographic Information Systems (GIS) program (Figures 9-15;
Appendix Figures (12A-15A). A majority of the surficial geology within the watershed was
mapped as glacially derived till, overlain by glaciomoraine deposits (Presumpscot formation) in
a few areas (Figure 10; Maine USGS; Thompson, 2001). Roughly 44% of the watershed is
overlain by till deposits while just under 10% is overlain my glaciomarine mud (Presumpscot
formation). A LiDAR hillshade map was used in conjunction with topographical contours to
visually assess the erosional and farmland features within the watershed (Figures 11 and 12,
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respectively). Modern land-use was mapped with data from the Maine USGS database to show
that the majority of the Lake Auburn watershed is forested (Figure 13). The land-use study
through GIS determined that a majority of land currently listed as forested by the Maine USGS
was historically used as farmland or pastureland (Figure 14).
The use of GIS mapping software allowed for the quantification of the area of land-use
and erosion within different parts of the Lake Auburn watershed (Table 1). In quantifying the
sheer amount of material eroded from the watershed, the majority of material comes from areas
covered in surficial till (Figures 15 and 16). Further analysis has shown that a much larger
proportion of the glaciomoraine depositional features (Presumpscot formation) have been eroded
into the lake over time; roughly 8% in glaciomoraine deposits versus about 4% in till deposits
(Figure 17).
Furthermore, the erosion sources within the Lake Auburn watershed have been delineated
as either primary or secondary (Figure 20, Table 2). Primary erosional features are those that
definitely enter the lake water system, while material from secondary erosional features may not
enter the lake water system. A majority of the erosion within the watershed is classified as
primary, most likely due to the high erodibility of the parent material and steep topography close
to the lake’s edge (Table 2).
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Figure 1. Water content measured by the percent mass loss after drying at 90°C for 24 hours.

Figure 2. Loss-on-Ignition (LOI) measured by the percent mass loss after burning in a furnace at
550°C for three hours.
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Figure 3. Loss-on-Ignition (LOI) results of the top 10.5 cm of the sediment core, measured by
the percent mass loss after burning in a furnace at 550°C for three hours. The top 10 cm of
sedimentation may be dated to post-1900 due to the inclusion of radioactive Caesium-137
isotopes (Stephen Norton, University of Maine Orono).

Figure 4. Overlay plot of the percent of total sand, silt and clay within each subsample down the
length of the core.
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Figure 5. Precise Wentworth grain size classification expressed as percent of total sample dry
mass for each subsample going down the length of the core.
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Figure 6. Ternary diagram delineating compositional abundance of sand, silt and clay within
each subsample going down the core.
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Figure 7. Diffractogram generated from the x-ray diffraction of sample 1 (30.5 cm). The
measurement was taken between the angles of 5° and 60°. Diffractograms for other samples
measured can be found in Appendix A.
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Figure 8. A search-match display of the diffractogram for the sample taken at 30.5 cm.
Interpretation of peak matching is conducted using the Jade 9 software. Note that the background
noise was heavily smoothed and that some peaks cannot be determined.
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Figure 9. Map of bedrock geology within the Lake Auburn watershed created by author using
GIS. Bedrock geology data, provided by the United States Geological Survey (USGS), clipped to
the outline of the Lake Auburn watershed.
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Figure 10. Map of surficial geology within the Lake Auburn watershed created by author using
GIS. Surficial geology data was slightly modified from the United States Geological Survey
(USGS) data to fit the Northern edges of the lake more uniformly.
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Figure 11. Map of the LiDAR hillshade data created with help from Camille Parrish in the
Environmental Studies Department at Bates College. LiDAR data was collected from the
geolibrary on the Maine.gov website.
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Figure 12. Contour map of the Lake Auburn watershed created by the author using GIS. Contour
data was accessed through the Maine.gov geolibrary. Additional work was done to clip the
contours from the town of Minot to the contours from the town of Auburn to acquire the
contours for the complete watershed. The contour data for the town of Minot was gathered from
the Maine USGS website.
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Figure 13. Map of modern land-use within the Lake Auburn watershed created by the author
using GIS. Land-use data accessed through the Maine USGS database.

43

Figure 14. Map of modern land-use within the Lake Auburn watershed created by the author
using GIS. Land-use data accessed through the Maine USGS database. Yellow polygons indicate
areas in LiDAR hillshade map that denote historical land-use of farming or pasture.
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Figure 15. Map of surficial geology within the Lake Auburn watershed created by author using
GIS. Surficial geology data was slightly modified from the United States Geological Survey
(USGS) data to fit the Northern edges of the lake more uniformly. Yellow polygons denote areas
of land-use relating to historical farm or pasture use. Red polygons indicate areas of erosion
noted by indications of surface depression in the LiDAR hillshade data.

45

39.63 km2
3,9626,820 m2
2.66 km2
2,664,426 m2
1.02 km2
1,016,469.6 m2

Total Watershed Area
Approximation of Total Farm
or Pasture Land in Watershed
Approximation of Total
Sediment Erosion Loss in
Watershed

Table 1. Approximation of the area of total sediment erosion and historical land use as farm or
pasture within the Lake Auburn watershed. Data was gathered using LiDAR and GIS software,
then tabulated using Excel.

ApproximaOon of
Area of Eroded Material (m2)

Quan%ﬁca%on of Erosion of Surﬁcial Geology
within the Lake Auburn Watershed using
LiDAR and GIS
700000
600000
500000
400000
300000
200000
100000
0
Till

Glaciomoraine
Deposits (ﬁnegrained facies)

Ice-contact
Swamp, Marsh, and
Glacioﬂuvial
Wetland Deposits
Deposits (exclusive
of eskers)

Eroded Material

Figure 16. Bar graph denoting the approximation of eroded material (m2) in relation to the parent
material. The graph was created using the erosion data shown in Figure 15.
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Figure 17. An overlay plot generated to describe the proportionality of eroded materials within
the watershed.
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ApproximaOon of land
Area used as farm or pasture(m2)

Quan%ﬁca%on of Farmland and Choice of Surﬁcial
Geology within the Lake Auburn Watershed using
LiDAR and GIS
3000000
2500000
2000000
1500000
1000000
500000
0
Till

Glaciomoraine Deposits (ﬁne- Swamp, Marsh, and Wetland
grained facies)
Deposits
Surﬁcial Geology

Figure 18. Bar graph denoting the approximation of land previously or contemporaneously used
as farm or pasture (m2) in relation to the parent material. The graph was created using the farm
and pasture land-use data shown in Figure 15.

48

.

Figure 19. An overlay plot generated to describe the proportionality of farmland occurrence
versus surficial geology type within the watershed.
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QuanOﬁcaOon of Primary vs. Secondary Erosion within the
Lake Auburn Watershed
Amount of erosion (m2)

900000
800000
700000
600000
500000
400000
300000
200000
100000
0
Primary Erosion

Secondary Erosion

Erosion Type

Figure 20. Bar graph depicting the quantification of primary and secondary erosion through the
Lake Auburn watershed. Data was gathered using the erosional polygons from Figure 15.

0.8 km2
800,000 m2
0.07 km2
70,000 m2

Approximate Primary Erosion
within Lake Auburn Watershed
Approximate Secondary
Erosion within Lake Auburn
Watershed

Table 2. Approximate primary and secondary erosional data gathered from polygons created
within the watershed (Figure 15). Some erosional areas on LiDAR left out due to uncertainty
between primary vs. secondary erosional characteristics.
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5.1 Bulk Density and Loss-on-Ignition
The decrease in downcore water content falls in line with what is expected for
mesotrophic lakes, due to sediment compaction and the excretion of water from pore space
within the sediment record (Singer and Munns, 2006) (Figure 1). Loss-on-ignition values in the
Lake Auburn core are consistent with typical levels of organic detritus found in the sediment
records of mesotrophic lakes (Kalff, 2002) (Figure 2). The decrease in organic matter between
125.5 cm and 150.5 cm may represent a period of lower algal growth with low levels of organic
deposition on the lake bottom. This is directly preceded, in the interval 150.5 cm to 225.5 cm, by
a relatively intense period of organic matter deposition, which may have resulted from a period
of higher in-lake productivity. Loss-on-ignition results for the first 10 cm of the core show an
increase in depositional organic matter back through time and may be dated to post-1900 due to
the inclusion of radioactive Caesium-137 isotopes (Figure 3; Stephen Norton). An absolute
chronology for the length of the core may never be possible due to the decomposition of
radioactive isotopes within the core and a lack of macrofossils within the sediment record.
Forthcoming work on the measurement of pollutant lead (Pb) isotopes, pollutant sulfur (S)
isotopes and cultural pollen will allow the core to be dated into the 1800’s, presumably within
the top 30 cm of the core (Stephen Norton, University of Maine Orono).
5.2 Grain Size Analysis
The compositional analysis of grain size allowed for the partial quantification of the
depositional history of Lake Auburn. While the percentage of sand, silt, and clay varied little
throughout the core (Figures 4, 5, 6), the subsample measured at 100.5 cm suggests a change in
the characteristics of sediment deposition: a sudden increase in the percentage of clay deposition
is concurrent with decreases in the deposition of sand and silt-sized grains. This could be
indicative of a period of increased erosion in the glaciomoraine deposits containing Presumpscot
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formation (Figure 15). The abundance in deposition of sand, silt and clay-sized grains are
indicative of Maine’s glacial and depositional history (Thompson, 2001; Weddle et al., 1989).
The values reported above differ slightly from the particle size analyses carried out by
Goldthwait (1951), who measured 43 samples of Presumpscot formation and found them to
contain an average of 39 percent clay, 37.5 percent silt, and 23.5 percent sand.
5.3 X-Ray Diffraction
The presumed mineral composition of the samples, including likely large amounts of
quartz, albite, anorthite and clays are consistent with those found within the suite of minerals that
compose typical soils found in the northeastern United States (Mayer, 2002; Goldthwait, 1951).
The assumption that the sediment core contains ferro-aluminum clays is, thus, within the realm
of possibility. The data retrieved from matching peak intensity and angle of the diffractograms to
mineral structure is not absolute (Figures 7 and 8). Data from the ITRAX instrument is
preferable in making conclusions about the bulk chemistry of the sediment core. Data
interpretation from the XRD and Jade 9 software informs us that there are sediments being
deposited from the watershed that contain iron and aluminum isotopes, including sodium and
iron endmembers of the chlorite group and kaolinite. The data suggest that these clay minerals
are present in either the glaciomoraine Presumpscot deposits or the till deposits within the Lake
Auburn watershed (Figure 10). There is a possible correlation between the deposition of ferroaluminum bearing minerals and an impact upon the modern phosphorous cycle in Lake Auburn.
As stated in the background section, the mobilization of P in watersheds has been strongly linked
to the mobilization of aluminum (Al) and iron (Fe), suggesting that phosphate is adsorbed to
these metals (Norton et al. 2006). The deposition of sediments that are laden with aluminum and
iron isotopes could disrupt the delicate balance of phosphorous cycling within a lake system

53

(Kalff, 2002; Shaw et al., 2004). Efforts to limit sediment deposition into Lake Auburn could be
pursued to limit the amount of external nutrients being deposited into the reservoir.
Some minor implications may be derived from the mineralogy data resulting from XRD
analysis. Possible phosphorous (P) loading from apatite minerals could be related to the
deposition of eroded sediments stemming from land historically used as farms or pastures
(Figure 15). The results indicate that the core contains traces of a variety of aluminosilicate
minerals, plagioclase feldspars and iron-bearing clays, further solidifying past work on Lake
Auburn that has shown that the surficial sediment chemistry is dominated primarily by iron (Fe)
and not aluminum (Al) (Doolittle, 2015). The core exhibits no evidence for big downcore
changes given the proposed mineralogy and grain size. Further work on the ITRAX instrument is
needed to propose implications related to sedimentation and bulk chemistry with more precision.
A precise chronology is necessary to be able to say what the sedimentation rate has been over the
course of Lake Auburn’s depositional history, as well as what that means for when the erosion
that is visible in the GIS analysis occurred.
5.4 Mapping and Land-Use Survey with Geographic Information Systems Software (GIS)
Most material eroded into Lake Auburn is likely derived from surficial deposits. There
are very few bedrock outcrops in the watershed, thus very little of the contemporaneously
deposited erosional material in Lake Auburn may be attributed to the bedrock geology (Figure
9). Roughly 44% of the surficial material within the watershed is glacially derived till while just
less than 10% is attributed to surficial deposits of glaciomarine clay (Figure 10). Due to the
mineralogical make-up of the Presumpscot, this is a further indication that aluminum and ironbearing clay minerals have been eroded into Lake Auburn in recent history, most likely from
glaciomoraine deposits on the northeastern edge of the lake and till deposits throughout the
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watershed (Mayer, 1990). The exceedingly high percentage of area eroded that is immediately
adjacent to the lake’s western edge is a result of the steep topography, location and depositional
characteristics of the erodible deposits (Figures 11 and 12). This heavily implicates surficial
watershed erosion as one of the potential causes for sediment and nutrient loading to the lake
(Figures 16 and 17).
Historical land use is likely related to the eroded materials deposited into the lake system
(Figures 13 and 14). The majority of historical farm and pasture land-use is inextricably linked to
the soil conditions provided by the surficial till geology (Figures 18 and 19; Table 1). A large
area to the north of Lake Auburn that was once farmland has been heavily eroded and is an area
that could be heavily implicated in the erosion of farm materials and fertilizers into the lake. This
study did not retrieve any data relating to the deposition of NPK and other fertilizers associated
with farm use in the sediment core. Currently, the forestation and subsequent trapping of
nutrients in the soil is one reason why the drinking water of Lake Auburn has been awarded
leniency filtration and additives by the EPA (LAWPC). It is most likely that the majority of the
evidence for erosion within the watershed made it into the lake system and is thus classified as
primary erosion (Figure 20; Table 2). Again, further analysis using the ITRAX instrument is
needed in order to compare the bulk chemistry of the core to the mineralogical components of
the surficial sediments that were most likely eroded into the lake from the watershed.

55

Chapter 6: Conclusions
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This study identified that large amounts of surficial deposits within the Lake Auburn
watershed have been eroded into the lake system. This is due to a combination of the topography
of the watershed and the location of highly erodible surficial deposits. It is likely that these
surficial deposits contain trace elements of eroded material containing Al and Fe isotopes, apatite
minerals, and plagioclase feldspar, which implicates watershed erosion as one of the potential
culprits in the disruption to the phosphorous cycle in Lake Auburn. The contemporary erosion of
historical farmland may not be necessarily depositing phosphates and other adverse chemicals
into the lake system contemporaneously, but the degree of sedimentation is cause for worry for
the Lake Auburn Water Protection Commission. Sedimentation is likely one of the causes for
nutrient loading in Lake Auburn. Because it was not possible to construct an absolute chronology
of the core, the sedimentation rate of Lake Auburn is still unknown. A team from the University
of Maine at Orono will do further work on the core. They will measure levels of pollutant lead
(Pb) and sulfur (S) isotopes, as well as cultural pollen, in an effort to date the core back into the
1800’s.
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Figure 1A. Downcore water content (% water) and organic matter (% organic matter)
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Figure 2A. Diffractogram generated from the x-ray diffraction of sample 2 (60.5 cm). The
measurement was taken between 5° and 60°.
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Figure 3A. Diffractogram generated from the x-ray diffraction of sample 3 (90.5 cm). The
measurement was taken between 5° and 60°.
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Figure 4A. Diffractogram generated from the x-ray diffraction of sample 4 (120.5 cm). The
measurement was taken between 5° and 60°.
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Figure 5A. Diffractogram generated from the x-ray diffraction of sample 5 (150.5 cm). The
measurement was taken between 5° and 60°.
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Figure 6A. Diffractogram generated from the x-ray diffraction of sample 6 (180.5 cm). The
measurement was taken between 5° and 60°.
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Figure 7A. A search-match display of the diffractogram for the sample taken at 60.5 cm.
Interpretation of peak matching is conducted using the Jade 9 software.
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Figure 8A. A search-match display of the diffractogram for the sample taken at 90.5 cm.
Interpretation of peak matching is conducted using the Jade 9 software.
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Figure 9A. A search-match display of the diffractogram for the sample taken at 120.5 cm.
Interpretation of peak matching is conducted using the Jade 9 software.
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Figure 10A. A search-match display of the diffractogram for the sample taken at 150.5 cm.
Interpretation of peak matching is conducted using the Jade 9 software.
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Figure 11A. A search-match display of the diffractogram for the sample taken at 180.5 cm.
Interpretation of peak matching is conducted using the Jade 9 software.
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Figure 12A. LiDAR hillshade data and land contour map created by the author using GIS.
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Figure 13A. Map of modern land-use within the Lake Auburn watershed created by the author
using GIS. Land-use data accessed through the Maine USGS database. Red polygons denote
areas of erosion evidenced through surface depressions in LiDAR hillshade data.

77

Figure 14A. Map of surficial geology within the Lake Auburn watershed created by author using
GIS. Surficial geology data was slightly modified from the United States Geological Survey
(USGS) data to fit the Northern edges of the lake more uniformly. Yellow polygons indicate
areas in LiDAR hillshade map that denoted historical land-use of farming or pasture. Note that
the clear majority of farmland exists or existed in highly erodible till layers. Furthermore, many
of these farms are or were located close to steep areas within the watershed.

78

Figure 15A. Map of surficial geology within the Lake Auburn watershed created by
author using GIS. Surficial geology data was slightly modified from the United States Geological
Survey (USGS) data to fit the Northern edges of the lake more uniformly. Red polygons indicate
areas of erosion noted by indications of surface depression in the LiDAR hillshade data. Map is
shown containing only erosion polygons to limit background noise and denote locations of
majority of erosion.
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Appendix B: Photos
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Photo 1. The coring crew harnesses the canoe structure to the pontoon boat and awaits
embarkation.
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Photo 2. Phil Dostie and William Hilton (Bates College) after having assembled and secured the
coring tripod to the canoe-pontoon.
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Photo 3. Phil Dostie, Holly Ewing and William Hilton (Bates College) sit untethered in Lake
Auburn as one of the support boats piloted by Linda Bacon (Maine DEP) helps secure them to a
buoy (not pictured).
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Photo 4. Phil Dostie, Holly Ewing, Mike Retelle and William Hilton (Bates College) manning
the coring pontoon setup, securely attached to buoys in three places in preparation of taking core.
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Photo 5. The hammering process is well underway.
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Photo 6. The sediment core is cranked out of the depths of Lake Auburn.
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Photo 7. A smiling coring crew after a successful day involving core retrieval, not falling into the
reservoir and being towed safely back to dry land.
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Photo 8. Sediment core directly proceeding the splitting down the length of the core. Note the
gray coloration and highly compacted material.
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Photo 9. Sediment core photographed about 5 minutes after core splitting. Note the change in
coloration from light gray to reddish-brown. Also note small indications of fracturing and
outgassing.
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Photo 10. Sediment core photographed about 8 minutes after core splitting. Note severe change
in coloration. Also note evidence for outgassing, expansion and water content of sediment going
down through core.
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